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The title should be:
How to design an energy efficient building, responsibly

ÅIntroduction ςMuch has changed in the last 40 years

ÅWhy is energy savings important?

ÅHistory of sustainable/green building
ÅPhase 1 ςEnergy generation phase

ÅPhase 2 ςEnergy savings phase

ÅPhase 3 ςMature phase

ÅWhat is a good investment?

ÅMethodology for balancing energy investments

ÅSummary
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Housing is our greatest expense In New England, we are heating driven
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1970’s – Lots of exciting stuff going on in 
Vermont

Solar Alternatives: Flush mounted,  
integrated, domestic hot-water panels -
elegant

{ƻƭŀǊΣ ōǳǘΧ
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Phase 1: Sustainable meant Solar

1973 Hood House

bŜŀǊ bŜǘ ½ŜǊƻΣ ōǳǘΧ 6



hƛƭ ǇǊƛŎŜǎ ǿŜǊŜ ǇǊŜŘƛŎǘŜŘ ǘƻ ǊƛǎŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴ ǘƘŜ мфтлΩǎ  7



Use of electricity for heating was a bad idea, discouraged 8



Phase 2: Many changes since the early days

άaƻǊŜ ƛǎ ōŜǘǘŜǊέ

ÅBuilding Science appears:
ÅIndependent

ÅCritical

ÅScience was involved in 
analysis of failures

ÅUnderstanding of what 
ǿƻǊƪǎΣ ǿƘŀǘ ŘƻŜǎƴΩǘ ǿƻǊƪΣ 
and why

ÅEnergy modeling becomes 
available

ÅFocus on improving the 
envelope, rather than 
depending on a renewable 
(solar) energy source
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More insulation leads to moisture 
problems

WUFI software predicts moisture behavior 10



Phase 3: “Mature” phase

Split system heat pumpPassive House: Technologically feasible

DHW heat pump

Wall mounted heat pump

Technology has changed
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Phase 3: “Mature” phase

!Ƴƻƴ IŀƴΣ ά9ŦŦƛŎƛŜƴŎȅ hŦ {ƻƭŀǊ t±Σ ¢ƘŜƴΣ bƻǿ !ƴŘ CǳǘǳǊŜέ ƘǘǘǇǎΥκκǎƛǘŜǎΦƭŀŦŀȅŜǘǘŜΦŜŘǳκŜƎǊǎорн-sp14-pv/

PV cost continues to fall 12



Fuel costs have been dropping recently
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Vermont Fuel Report, 2016



9ƭŜŎǘǊƛŎ ƘŜŀǘƛƴƎ ƛǎ ƴƻ ƭƻƴƎŜǊ ŀ άŎǊŀȊȅέ ƻǇǘƛƻƴ14

Vermont Fuel Report, 2016



9ƭŜŎǘǊƛŎ ƘŜŀǘƛƴƎ ƛǎ ƴƻ ƭƻƴƎŜǊ ŀ άŎǊŀȊȅέ ƻǇǘƛƻƴ15

Vermont Fuel Report, 2016



Net Zero Under Living Building Challenge

ÅPVs changed our thinking

ÅIt is sustainable

ÅRelatively permanent (avoids speculation)

ÅNet Zero is easy to understand

/ƭŀǎǎ ƻŦ Ψсс 9ƴǾƛǊƻƴƳŜƴǘŀƭ /ŜƴǘŜǊ ŀǘ ²ƛƭƭƛŀƳǎ /ƻƭƭŜƎŜ
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Phase 3: “Mature Phase”

1 - Energy Generation Phase

Å Solar DHW

Å Wind

Å Hydro

Å Photovoltaics

2 - Energy Saving Phase

Å Tight Houses

Å High Insulation levels

Å Net-Zero

Å Passive House

Understanding when to stop investing in energy savings on an individual 
project allows for greater state-wide impact.

3-άaŀǘǳǊŜ tƘŀǎŜέ
Å We have the tools to both be green and use our money wisely

1 2

3
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Efficiency Vermont is moving beyond the 
early adopters to have a greater impact 
on overall energy use

Interview with John Straube
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Some new questions:
ÅHow do I balance first cost with long term operating 

expense?

ÅHow do I balancemy investment between the various 
energy impacting components of the envelope?

ÅWith solar PVs coming down in price, when is it cheaper 
to purchase energy rather than invest in saving energy?

Vermont Energy Use by Sector
(Percent of BTUs consumed, 2008)
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5 Steps to Balancing Your Investment
1.Have an energy model done, so you can  see where 

your energy is going
2.Put a cost on each increment of each energy 

improvement
3.Decide what your idea of a good investment is for you.
4.Push insulation levels (and other energy saving 

components) to a point after which it is no longer a 
good investment.

5.Balance this approach for each component
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Step 1: Energy modeling

Should I add insulation in the cavity? 22



Infiltration: A significant component of heat

Airtightness is achievable. Infiltration is the low hanging fruit.

Heating Season MMBtu/yr % of total

Ceilings/Roofs 10.5 14

Rim/Band Joists 1.1 1.5

Above Grade Walls 8.6 11.5

Foundation walls 0.6 0.8

Doors 1.2 1.6

Windows/Skylights 17.2 23

Frame Floors 0 0

Crawl Space/Unht Bsmt 0 0

Slab Floors 11.5 15.3

Infiltration 22.1 29

Mechanical Ventilation 2.9 3.3

Ducts 0 0

Active Solar 0 0

Sunspace 0 0

Internal Gains -16.3 0

Total 59.4 100

+ 16.3

75.6

Ceilings
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Mechanical 
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Step 2: Assessing what’s right for you
Iƻǿ Řƻ ȅƻǳ ŘŜŦƛƴŜ ǳǎƛƴƎ ȅƻǳǊ ƳƻƴŜȅ άƳƻǎǘ ǿƛǎŜƭȅέ

I want to meet a target (EUI, Passive House, Code) 
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Or

I want to balance my investment and get maximum benefit

http://zeroenergyproject.org/



Step 3: Criteria for a good investment

Simple Payback Method - Is this a good investment?

Cost after 
rebates 
and tax 
credits

Savings
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Compare to 
$43.58/month

Net Cash Flow Method
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The law of diminishing returns

27
Alison BailesΣ ά¢ƘŜ 5ƛƳƛƴƛǎƘƛƴƎ wŜǘǳǊƴǎ ƻŦ !ŘŘƛƴƎ aƻǊŜ Lƴǎǳƭŀǘƛƻƴέ 
http://www.energyvanguard.com



Evaluating Viability by Incremental Increases

$138/year 
maximum savings 
via walls

How much money does it make sense to spend to save up to  $138/year? What would you do?

Ceilings
Roofs
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Doors
2%Windows

Skylights
23%

Slab Floors
15%

Infiltration
29%
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Iƻǿ Řƻ ǿŜ ƎŜǘ ǘƘŜ ƭƻǿŜǎǘ άƭƻƴƎ-ǘŜǊƳέ Ŏƻǎǘ όмst cost + operating expenses) 29



Step 4: Model energy loss of a base 
case and establish increments of 
investment on every type of energy 
saving measure
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Step 5: Balance investment between measures

31

Energy modeling 
of every 

component

Sweet spots 
where 

investment in 
saving a BTU is 

equivalent to the 
investment in 
making a BTU.



Impact on Envelope

wƻƻŦ κ ǿŀƭƭΥ рέ Ǉƻƭȅƛǎƻ
Windows: R-5
.Ŝƭƻǿ ƎǊŀŘŜ ǿŀƭƭǎΥ рέ ·t{
{ƭŀōΥ оέ ·t{
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Bissell Residence
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1,500 sf of heated space
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There are lots of variables:
ÅAssumptions in energy model
ÅFuel choice

ÅConstruction cost
Åά{ǘŀǊǘƛƴƎ ǇƻƛƴǘκέōŀǎŜ ŎŀǎŜ
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Choose your
base case
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What if my chosen payback was 15 years?  

38

15 year payback



Total added cost 39

15 year payback

$8844 $829 9.7

Savings Payback



What if my chosen payback was 30 years?  

40

15 year payback                       30 year payback
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15 year payback                       30 year payback

Total added cost

$9,155 $765 12.3

Savings Payback



Summary: We have come a long way

1. We know how to insulate

2. Heating/cooling technology continues to advance

3. PVs have dropped in price to such an extent that the are part of 
the economic equation

4. We have shown that with enough dollars we can achieve net zero

5. We have the tools to balance our investments to use our energy 
savings dollars most economically
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How to make the best financial decision

1. Have an energy model done, so you can  see where your energy 
is going

2. Put a cost on each increment of each energy improvement
3. Decide what your idea of a good investment is for you.
4. Push insulation levels (and other energy saving components) to a 

point after which it is no longer a good investment.
5. Balance this approach for each component
6. Figure out at what point it makes better sense to invest in PVs
7. Only then, add your own prejudices
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Thank you.  Questions?


